Form Approved

Report Documentation Page OMB No. 0704-0188

Public reporting burden for the collection of information is estimated to average 1 hour per response, including the time for reviewing instructions, searching existing data sources, gathering and
maintaining the data needed, and completing and reviewing the collection of information. Send comments regarding this burden estimate or any other aspect of this collection of information,
including suggestions for reducing this burden, to Washington Headquarters Services, Directorate for Information Operations and Reports, 1215 Jefferson Davis Highway, Suite 1204, Arlington
VA 22202-4302. Respondents should be aware that notwithstanding any other provision of law, no person shall be subject to a penalty for failing to comply with a collection of information if it
does not display a currently valid OMB control number.

1. REPORT DATE 3. DATES COVERED
30 SEP 2006 2 REPORTTYPE 00-00-2006 to 00-00-2006
4. TITLE AND SUBTITLE 5a. CONTRACT NUMBER
Re_mar ch on Operational Aspects of L arge Autonomous Underwater £b. GRANT NUMBER
Glider Fleets

5¢c. PROGRAM ELEMENT NUMBER
6. AUTHOR(S) 5d. PROJECT NUMBER

5e. TASK NUMBER

5f. WORK UNIT NUMBER
7. PERFORMING ORGANIZATION NAME(S) AND ADDRESS(ES) 8. PERFORMING ORGANIZATION
W oods Hole Oceanogr aphic I nstitution,Autonomous Systems REPORT NUMBER

Laboratory,Physical Oceanography Department,Woods Hole,M A,02543

9. SPONSORING/MONITORING AGENCY NAME(S) AND ADDRESS(ES) 10. SPONSOR/MONITOR’'S ACRONYM(S)
11. SPONSOR/MONITOR’ S REPORT
NUMBER(S)

12. DISTRIBUTION/AVAILABILITY STATEMENT

Approved for public release; distribution unlimited

13. SUPPLEMENTARY NOTES

14. ABSTRACT

15. SUBJECT TERMS

16. SECURITY CLASSIFICATION OF: 17. LIMITATION OF 18. NUMBER 19a. NAME OF

ABSTRACT OF PAGES RESPONSIBLE PERSON
a REPORT b. ABSTRACT c. THISPAGE Sa_me as 2
unclassified unclassified unclassified Report (SAR)

Standard Form 298 (Rev. 8-98)
Prescribed by ANSI Std Z39-18



Research on Operational Aspects of
Large Autonomous Underwater Glider Fleets

David M. Fratantoni
Autonomous Systems Laboratory
Physical Oceanography Department
Woods Hole Oceanographic Institution
Woods Hole, MA 02543
Phone: (508) 289-2908  Fax: (508) 457-2181 Email: dfratantoni@whoi.edu

Award Number: N00014-05-1-0367
http://asl.whoi.edu

LONG-TERM GOALS

Our long-term goal is to develop an efficient, sustainable, and relocatable observing system suitable for
a variety of exploratory, process-oriented oceanographic studies and naval applications. Our basic
strategy is to combine technology development with significant field experiments which advance our
understanding of the ocean environment.

OBJECTIVES

This program supports research on the operational and management issues stemming from application
of large fleets of autonomous underwater gliders to oceanographic research and rapid environmental
characterization in support of naval objectives. In particular, we are preparing for participation in one
or more field exercises to be performed at the direction of the Naval Oceanographic Office (NAVO) or
other Navy elements for the purpose of demonstrating glider fleet capabilities and advancing the role
of glider operations in naval applications.

APPROACH

Gliders may be operated as traditional survey vehicles along pre-determined or adaptively-modified
tracklines or as synthetic moorings. Gliders are slow. It is difficult to synoptically observe even a
small ocean region using a single glider. Thus unlike surveys involving faster AUV’s (e.g. REMUS,
Bluefin, Dorado), effective glider applications do not attempt to mimic linear or areal surveys such as
performed by a ship. Rather, an efficient sampling approach using gliders involves simultaneous
operation of many vehicles resulting in a multiplicatively-higher effective survey speed and a more
robust measurement of the ocean environment. This in turn requires a communications and control
infrastructure capable of handling multiple vehicles in a coordinated and intelligent manner. The
WHOI glider fleet communicates via satellite using the Iridium satellite phone service and is controlled
via a central, shore-based mission control system which provides near-real-time web dissemination of
vehicle status and quality-controlled oceanographic data. All relevant vehicle and fleet operations can
be performed from anywhere in the world with internet connectivity. We have continued to make
improvements to this system during the past year.



Independent of a vehicle control system there are additional significant logistical and operational
issues that are particularly relevant to the operation of large glider fleets. For example, vehicle
preparation and maintenance can be extremely time consuming if efficient procedures are not
developed and carefully followed. Similarly, at-sea operations require efficient, safe, and robust
means of vehicle deployment and recovery. We continue to work on improving system robustness by
developing and refining standard operational procedures that can eventually be transitioned to naval
personnel.

WORK COMPLETED

Support for this program began in March 2005. Work this year has focused on development of new
sensor capabilities for the WHOI glider fleet and continuing improvement of vehicle and fleet control
capabilities. In late 2005 we prepared a glider which successfully completed a demonstration project
with COMSUBPAC. We also completed several local field demonstrations of multi-vehicle
coordinated control in collaboration with partners at Princeton University (Naomi Leonard, Fumin
Zhang). These results have been submitted for publication.

IMPACT/APPLICATIONS

Continued development of multi-vehicle network operations will improve measurement and
understanding of transient ocean phenomena such as mesoscale eddies and fronts and streamline
distributed environmental observations in remote or hostile locations. A network of gliding vehicles
can supply, in an efficient and cost-effective manner, high-quality, near-real-time environmental
information for operational ocean/atmosphere forecasting and model validation.



